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The traditional surgical approach to patients with
aortoiliac occlusive disease requiring revasculariza-
tion includes transabdominal or retroperitoneal aor-
toiliac or aortofemoral bypass. These procedures
have established efficacy and are associated with
acceptable morbidity and mortality rates in well-
selected patients.1 Any new intervention for aortoil-
iac occlusive arterial disease must be compared with
these standards. 
Recent reports that describe the performance of
laparoscopic aortoiliac and aortofemoral bypass in
animal models have generated interest in the vascular
surgery community. Currently, however, there is min-
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Purpose: This study was undertaken to determine whether videoendoscopic thoracic
aorta-to-femoral artery bypass is a technically feasible operation.
Methods: An acute canine study involving five mongrel dogs was carried out. After the
dogs had been given a general anesthetic, the femoral arteries were exposed in the tra-
ditional fashion. On the left side, a retroperitoneal, retrorenal tunnel was extended from
the common femoral artery to the diaphragm. Under videoendoscopic control, the tun-
nel was opened through the posterior thoracic attachments of the diaphragm into the
thoracic cavity. A Dacron graft was tunneled from the thoracic cavity on the left to the
left groin. The thoracic aorta was controlled with a side-biting clamp, and an endo-
scopically performed end graft-to-side thoracic aortic anastomosis was created. After
completion of the thoracic anastomosis, the left femoral anastomosis was created in a
traditional manner. A left-to-right femoral bypass completed the lower extremity vascu-
lar procedure. An open thoracotomy was avoided.
Results: Videoendoscopic thoracic aorta-to-femoral artery bypass was successfully per-
formed in all five animals. All components of the thoracic procedure, including expo-
sure, dissection, vessel control, cross-clamping, and anastomosis, were performed
through the thoracic ports with conventional laparoscopic instruments. Blood loss was
minimal. All animals survived the procedure before being killed.
Conclusion: Videoendoscopic thoracic aorta-to-femoral artery bypass is a technically fea-
sible operation in a canine model. Advantages of this unique approach over the experi-
mental laparoscopic and the traditional transperitoneal open aortofemoral bypass
include ease of aortic exposure, ability to control a segment of disease-free aorta, and
anastomosis in a disease-free segment of aorta. Potential advantages include decreased
perioperative morbidity rates with the videoendoscopic approach. Before there is clini-
cal consideration of this surgical approach, long-term experiments are required to
demonstrate the safety of the procedure. (J Vasc Surg 1998;27:948-54.)
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imal clinical experience with this experimental tech-
nique.2-5 Widespread enthusiasm for this laparoscopic
approach has been limited by a number of technical
difficulties. The retroperitoneal aorta is difficult to
expose, and the diseased infrarenal abdominal aorta
can be difficult to control and difficult to suture.
These technical limitations have led to lengthy opera-
tive times and have limited progress in minimally inva-
sive vascular surgery for aortoiliac disease.2,3,6-9
Many of these technical limitations might be
avoided if the aortofemoral bypass originated from
the distal thoracic aorta. We explored the possibility
of thoracic aorta-to-femoral artery bypass with the
use of videoendoscopic technique to avoid the need
for thoracotomy. The feasibility of this approach in
an acute canine model is reported. 
MATERIALS AND METHODS
A feasibility study was undertaken using an acute
canine model. Institutional approval was obtained
from the McGill University Animal Care Committee
(UACC Project 3642). All procedures and animal
care complied with the current CCAC standards for
animal care in the “Principles of Laboratory Animal
Care” and the “Guide for the Care and Use of
Laboratory Animals.” Five mongrel dogs weighing
between 25 and 50 kg were used in the study.
General anesthesia was induced with intravenous
Nembutal (10 to 20 mg/kg of body weight) to
effect. Controlled ventilation was provided with
selective right mainstem bronchus intubation.
Continued general anesthesia was maintained with
1% isoflurane to effect.
The animal was placed in a 45-degree left thora-
cotomy position with the lower trunk rotated to
place the pelvis in a horizontal plane, allowing for
adequate exposure of the right and left inguinal
regions. The common femoral arteries were exposed
through bilateral groin incisions. Proximal and distal
control was obtained with vessel loops. A retroperi-
Fig. 1. Schematic representation of operating room setup and trochar placement for videoen-
doscopic thoracic aorta-to-femoral artery bypass. Two individuals are required to assist the sur-
geon in manipulating the videoendoscope as well as providing appropriate retraction.
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toneal tunnel was created using blunt digital dissec-
tion. The retroperitoneal tunnel was initiated imme-
diately ventral to the iliac artery and then extended
behind the left kidney to the posterior thoracic
attachments of the diaphragm. A counter incision in
the flank was not necessary.
A 1 cm skin incision was made in the fifth or sixth
interspace in the midaxillary line of the left chest.
Using blunt dissection on the superior surface of the
rib, the left pleural cavity was entered. A 10 mm tho-
racoport was inserted, and the 0-degree videocamera
scope was placed through this port to visualize the
pleural cavity. The remaining five 10 mm thoraco-
ports were placed with videoendoscopic control (Fig.
1). The deflated left lung was retracted cephalad, and
the inferior pulmonary ligament was divided with
electrocautery to the level of the inferior pulmonary
vein. The left diaphragm was retracted inferiorly with
blunt endoscopic forceps, and the pleura was opened
to expose the distal thoracic aorta. This simple dis-
section allowed quick and excellent exposure of the
distal thoracic aorta (Fig. 2). 
The retroperitoneal tunnel was extended into the
left chest cavity through the posterior attachments of
the diaphragm. A precut, beveled 8 mm Dacron graft
was passed into the left chest cavity through a thora-
coport and passed to the groin through the retroperi-
toneal tunnel. The proximal end of the graft was
aligned with the aorta. Systemic anticoagulation was
effected with intravenous heparin (100 IU/kg). A
Satinsky side-biting clamp was passed through a 1 cm
keyhole chest wall incision and placed on the distal
thoracic aorta. The handle of the clamp was placed
inferiorly to aid in the retraction of the diaphragm.
Alternatively, a Beck clamp may maintain a better
grip should an abnormal aorta be encountered.
Although not part of our experimental approach,
patient safety might be improved by encircling the
aorta above and below the clamp in anticipation of
the potential risk of dislodgement of the clamp.
An aortotomy was created with an 11 blade and
elongated to the appropriate length. Stay sutures (4-0
polypropylene) were placed on the medial and lateral
edges of the opened aorta and on the toe and heel of
the graft, and an end graft-to-side aorta anastomosis
was completed with a running 5-0 polypropylene
suture through the thoracoports (Fig. 3). The suture
was tied using the extracorporeal knot-tying tech-
nique. The distal graft was clamped, and the Satinsky
clamp on the aorta was slowly released to evaluate the
integrity of the proximal anastomosis. Interrupted 5-
0 polypropylene sutures were placed for any suture
line bleeding. After achieving satisfactory hemostasis,
the stay sutures, lung retractor, and other instruments
were removed from the chest cavity.
The aortofemoral bypass was completed in the left
groin with an end graft-to-side femoral artery anasto-
mosis using a continuous 5-0 polypropylene suture. A
femoral-to-femoral bypass with a 6 mm Dacron graft
was placed in a suprapubic position to complete the
procedure. The groin incisions were closed in one
layer with running nylon suture. All operating ports
were removed from the chest after a final inspection
of the anastomosis and chest cavity. After flow was
demonstrated in the aortofemoral graft, the animals
were killed with intravenous potassium chloride injec-
tion while under deep general anesthesia.
RESULTS
The operation was completed successfully in all
five animals, with flow to the limbs established
through the aortofemoral graft. Flow was confirmed
in the arteries distal to the femoral anastomosis by
direct arterial palpation. The total operative time
averaged 286 minutes. The times required to com-
plete the proximal anastomosis averaged 80 minutes,
whereas the total aortic occlusion times averaged 95
minutes. There was minimal blood loss during the
first four procedures. With the fifth dog, 400 ml of
blood was lost as a result of a laceration in the lung
parenchyma from the lung retractor. Results for all
five animals are summarized in Table I.
DISCUSSION
Minimally invasive endoscopic approaches have
had a significant impact on general and thoracic
Table I. Results of videoendoscopic thoracic aorta-to-femoral artery bypass
Animal
1 2 3 4 5 Average
Total operating time (min) 295 330 290 240 275 285
Proximal cross-clamp time (min) 112 115 95 74 80 95
Proximal anastomosis (min) 90 90 85 60 75 80
Blood loss (ml) Minimal Minimal Minimal Minimal 400
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operations. Laparoscopic cholecystectomy has
become the standard of care due to improved peri-
operative morbidity rates, reduced hospitalization
times, and earlier return to work and normal func-
tion compared with the traditional open tech-
nique.10 Endoscopic surgery has not made similar
inroads in the field of vascular surgery.
Childers et al.11 first reported the clinical feasi-
bility and technique of laparoscopic dissection for
paraaortic lymphadenectomy in 1993. The same
year, Dion et al.2 reported the first clinical case of
laparoscopic-assisted aortobifemoral bypass for bilat-
eral aortoiliac occlusive disease. A CO2-induced
pneumoperitoneum was required for the aortic dis-
section and creation of retroperitoneal tunnels to the
femoral arteries. Completion of the bypass required
a minilaparotomy and bilateral groin incisions using
the traditional open vascular surgical technique.
There were no major complications. The patient
reported minimal perioperative pain and was able to
ambulate early in the postoperative period. 
Traditional laparoscopic techniques may have
limitations when applied to vascular procedures.
Although gas insufflation of the peritoneal cavity
results in a remarkably large working space, difficul-
ties associated with retraction of the intraabdominal
organs can lead to suboptimal aortic exposure. The
requirement of a pneumoperitoneum limits the use
of suction for bleeding and introduces the theoretical
risk of CO2 embolism.12 A retroperitoneal approach
in a porcine model has been explored to address
these limitations.7,8 The retroperitoneal plane was
created with blunt dissection and gas insufflation.
Abdominal organs were contained by the peritoneal
sac. A laparolift device allowed retraction of the peri-
toneal sac and obviated the need for further gas
insufflation.13 The aortic anastomosis was performed
entirely using endoscopic techniques.
The transperitoneal and retroperitoneal laparo-
scopic approaches have been compared in a porcine
model.9 Although aortic dissection was carried out
through a transperitoneal approach with laparo-
scopic technique, a minilaparotomy was required
for aortic clamping and completion of the proximal
anastomosis. The retroperitoneal approach appears
to facilitate aortic exposure by exploiting the peri-
toneum for visceral retraction.
This experimental work has lead to a very limit-
Fig. 2. Intraoperative photograph of the exposed canine thoracic aorta. Left lung is gently
retracted cephalad to allow complete visualization of the aorta from the inferior pulmonary
vein to the posterior diaphragmatic attachments.
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ed introduction of these techniques for patient care
in aortoiliac occlusive disease.2,3,6,7,14 The applica-
tion to abdominal aortic aneurysm repair has also
been reported.6,15 The primary limitations of these
approaches include difficulties exposing and dis-
secting the aorta, control of a calcified aorta, and
suturing to this diseased aorta. These difficulties
have resulted in long operative times and occasion-
al significant blood loss.
Our study is unique at this time. The technical
feasibility of videoendoscopic thoracic aorta-to-
femoral artery bypass in a canine model has been
demonstrated. There were no intraoperative deaths,
and flow to the limbs was established though the
grafts. Thoracic aortic dissection and control was
simple and compared favorably with the reported
laparoscopic approaches to the abdominal aorta.
Aortic clamp times and times for the proximal aortic
anastomoses were decreasing with each procedure.
This steep learning curve should result in signifi-
Fig. 3. Intraoperative photographs of the thoracic aorta-to-graft anastomosis performed
endoscopically. The position of the clamped, opened thoracic aorta and the precut, beveled
Dacron graft are shown before performance of the anastomosis (top). The completed side
aorta-to-end graft anastomosis is shown (bottom).
cantly reduced operating time, similar to that
demonstrated with other laparoscopic procedures.
Further reduction in operating time and potential
improvement in long-term graft patency might also
be affected by the use of a bifurcation graft rather
than an aortofemoral graft with subsequent femoro-
femoral bypass.
Potential complications of a videoendoscopic
thoracic approach to limb revascularization include
the possibility of spinal cord infarction, mesenteric
ischemia, and limb ischemia resulting from emboliza-
tion at the time of thoracic aortic clamping. This has
not, however, been the experience reported with the
open thoracic aorta-to-femoral artery bypass graft
series.16 There is no reason to believe that the endo-
scopic modification of this approach should change
these results; however, experience is limited with this
approach, even using the open technique. The use of
a side-biting clamp on the thoracic aorta might actu-
ally result in fewer complications due to the potential
for continuous distal perfusion during the proximal
anastomosis. We are not certain flow was preserved in
the relatively small canine aorta distal to the clamps,
and direct studies would be required to demonstrate
this advantage should the procedure prove safe for a
clinical trial. The technical aspects related to endo-
scopic vascular surgery, including completion of the
anastomosis, retraction of the lung and diaphragm,
and control of the aorta, will likely improve with the
development of experience and vascular specific
endoscopic instrumentation. Although we have no
experience, the use of scopes with different angles
(i.e., 30 degree scope) may hold some advantages
over the 0 degree scope. Intracorporeal knot-tying
techniques may prove advantageous to our extracor-
poreal technique.17
A videoendoscopic thoracic aorta-to-femoral
artery bypass may avoid the major limitations report-
ed with the early laparoscopic experience. There also
may be a number of inherent advantages over the
various laparoscopic and open techniques. The use of
the thoracic aorta as the inflow vessel for
aortofemoral grafting has been well described with
long-term patency rates similar to those of the tradi-
tional open abdominal aortobifemoral approach.16,18
Exposure of the aorta and creation of the aortic anas-
tomosis are facilitated by selective right mainstem
bronchus intubation and single lung ventilation.
Dissection of the aorta in the thoracic cavity is simple
because the distal aorta in the chest has few sur-
rounding structures. The distal thoracic aorta is usu-
ally spared of significant atherosclerotic disease; this
leads to easy control and suturing. The complications
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and morbidity rates associated with the small and
large intestine, autonomic nervous system, ureters,
and iliac veins are completely avoided. Until now, the
major limitation of thoracic aorta-to-femoral bypass
has resulted from the morbidity and mortality rates
associated with thoracotomy in a relatively high risk
vascular surgery population. Although some of this
increased risk might be reduced with the use of a
muscle-sparing thoracotomy, the videoendoscopic
approach to the thoracic aorta could potentially
avoid any increased morbidity rate associated with an
open thoracotomy and should result in minimal pain
and limitation of function. Currently, these advan-
tages can only be considered potential until direct
comparative studies are completed.
Conclusions. Videoendoscopic thoracic aorta-
to-femoral artery bypass in a canine model is a tech-
nically feasible operation. The potential advantages
of this unique approach over the traditional open
and experimental laparoscopic approaches will
require comparative studies and further evaluation in
a long-term model.
We thank Maureen Antoniuk, RN, for her technical
assistance and support for this work.
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